An in vitro laboratory study using 3 L mini silos was conducted in 2012-2013 to observe the effects of 8 inoculants on silage nutrient composition, pH, volatile fatty acids concentration, dry matter loss, and aerobic stability. Alfalfa (Medicago sativa L.) in early-flower stage (first harvest, 355 g kg -1 DM), perennial ryegrass (Lolium perenne L.) in early-boot stage (first harvest, 322 g kg -1 DM) and mixture of red clover (Trifolium pratense L.), perennial ryegrass (L. perenne) and timothy (Phleum pratense L.) at a ratio 60:25:15 of fresh matter, in early bloom stage of red clover (first harvest, 343 g kg -1 DM) were used. The trials were conducted as a randomized complete block design, with five replicates per crop per treatment. Each trial had 9 treatments (uninoculated control and 8 inoculantsFeedtech products (F10, F18, F22 and F3000), and products Sil-All 4 × 4 (ISA), Lalsil Dry (LD), Bonsilage (IBO) and Bio-sil Stabil (BS), with 5 silos per treatment. The mini silos were filled to a target density of 0.2 kg L -1 DM. After a 90-day storage at 20°C, silages were sampled and analyzed. All the eight microbial inoculant products improved many aspects of silage quality across the range of silage analytes examined and across the three forage types tested. Inoculant treated alfalfa, perennial ryegrass and red clover/ryegrass/timothy silage had significantly lower pH values, ammonia-N concentration and dry matter losses, but significantly higher lactic acid concentration compared to untreated silage. Inoculants F18, F22, F3000 and ISA gave significantly lower pH value than F10, LD, IBO and BS in alfalfa silage and in perennial ryegrass silage. The pH value for the red clover/ryegrass/timothy silage treated with inoculants F10, F22 and F3000 was significantly lower compared to F18, ISA, LD, IBO and BS inoculants treated silages. Lactate was significantly higher in perennial ryegrass silage for F18 and F22 inoculants compared with F10, F3000, ISA and LD inoculants and in red clover/ryegrass/timothy silages for F10, F22, F3000 and ISA inoculants versus (vs) F18, LD, IBO and BS inoculants. Dry matter loss was lower (P < 0.05) in perennial ryegrass silages for F10, F18, F22 and F3000 inoculants compared with ISA, LD and IBO inoculants, and in red clover/ryegrass/timothy silages for F10, F18, F3000 and ISA inoculants compared with F22, LD, IBO and BS inoculants (4.02% vs 4.18%, P < 0.05). Addition of the inoculants improved aerobic stability of alfalfa silages by 126-204 h, of perennial ryegrass silages by 18-216 h and of red clover/ryegrass/timothy silages by 30-138 h compared to the uninoculated control. The results suggest that the lactic acid bacteria inoculants were effective in improving the silage quality in moderately difficult and difficult to ensile forage.
Introduction
Ensiling is a preservation method for moist forage crops based on converting water soluble carbohydrates into organic acids, mainly lactic acid, and preventing high ammonia nitrogen levels in anaerobic conditions by lactic acid bacteria. Silage quality and nutrient use efficiency are influenced by a number of factors such as crops, ensiling technologies, machinery and additives used for manipulating fermentation processes (Davies et al., 2005) . The biological additives were evaluated for their potential to improve silage fermentation and nutritive value (Filya et al., 2007) and for their ability to increase animal productivity (Contreras-Govea et al., 2009).
Homo-fermentative bacteria convert C6-sugars solely into lactic acid, whereas hetero-fermentative species produce lactic acid and carbon dioxide at equal shares as well as traces of acetic acid or ethanol. Wellknown species of the homo-fermentative bacteria are Lactobacillus plantarum, Pediococcus acidilactici, P. pentosacceus, Enterococcus faecium, L. delbrueckii, L. casei and L. rhamnosus . Commonly available heterofermentative bacteria are L. brevis and L. buchneri. To this day, we have the knowledge how microorganisms affect silage quality and the dynamics of microbial populations at ensiling time. However, there is still little information available on how significant the new
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The effect of different types of inoculants on the characteristics of alfalfa, ryegrass and red clover/ryegrass/timothy silage species are to silage preservation (Muck, 2012) . There are different objectives for using silage additives. The main objectives are to improve fermentation, reduce dry matter loss and to prevent secondary fermentation (to increase aerobic stability) after opening of the silo. The Deutsche Landwirtschafts-Gesellscaft Guidelines for the testing silage additives take into account the principal inoculums action, which are improving the fermentation process on the one hand and improving aerobic stability on the other hand (Kleinschmit et al., 2005; Weib et al., 2011) . The companies producing inoculants expect that new strains and mixtures will be highly competitive and improve silage fermentation by reducing pH and by producing largely lactic acid, compared to spontaneously fermented silage. However, some authors reported that homo-fermentative lactic acid bacteria inoculants did not improve the aerobic stability of silages (Sucu, Filya, 2006) . After opening of the silo, yeast and moulds can lead to an increase in pH value and temperature of the silage as well as to a reduction of readily available sugars. Loss of carbon dioxide and temperature increase cause dry matter losses and reduce the feeding value of silage (Muck, 2012) . The present study was conducted in order to assess which mixtures of lactic acid bacteria have a greater potential to improve fermentation pattern of the alfalfa, perennial ryegrass and red clover/ryegrass/timothy silage and whether inoculants have an effect on the extent of deterioration occurring during the exposure to air.
Material and methods
Mini silo experiments. Alfalfa (Medicago sativa L.) in early-flower stage (first harvest), perennial ryegrass (Lolium perenne L.) in early-boot stage (first harvest) and mixture of red clover (Trifolium pratense L.), perennial ryegrass (L. perenne) and timothy (Phleum pratense L.) at a ratio 60:25:15 of fresh matter, in early bloom stage of red clover (first harvest) were harvested in 2012, on 4, 7 and 14 June, respectively. The crops were cut by a mower conditioner "Kverneland Taarup 347" ("Kverneland Group", Norway) and wilted. Wilted forage was picked up and chopped using precision-chop harvester "Massey Ferguson 5130" ("Class Group", Germany) with 20 mm theoretical length of cut.
In the laboratory, the chopped alfalfa, perennial ryegrass and red clover/perennial ryegrass/timothy were ensiled in 3.0-and 0.7-L (for determination pH 3 days after ensiling) anaerobic glass jars at a density of 0.2 kg L -1 DM. Each trial had 9 treatments (uninoculated control and 8 inoculants), with 5 micro-silos per treatment. All eight inoculants were commercial products and were applied to the forage targeting a dosage as described in Table 1 .
All inoculants were diluted with distilled water prior to use to obtain a target application rate for each treatment (Table 1 ). The suspension obtained was applied at rate 4 ml kg -1 forage, when untreated control received water at rate 4 ml kg -1 forage. The amount of chopped forage for a given silo was weighed. Subsequently, the additives were sprayed into the fresh forage using sprayapplicators the forages thoroughly mixed by hand and then placed into the silo by hand with periodic tamping. Equipment coming into contact with the treated crop was washed and wiped with ethanol between treatments to avoid cross-contamination. Over the course of ensiling for all treatments, five samples of untreated chopped forage were taken for analysis of initial characteristics, and all inoculant solutions were analyzed for lactic acid bacteria counts on MRS (DeMan-Rogosa-Sharpe) agar (ISO 15214:1998 . Microbiology of food and animal (Leuschner et al., 2003) . The silos were stored for 90 days at a room temperature of about 22°C after samples for chemical analyses had been taken. Chemical analysis. The untreated chopped forages at ensiling and the silages at silo opening 90 days after ensiling were analyzed for the dry matter (DM) content and chemical composition, and the silages for the volatile fatty acids, lactic acid, alcohol concentration and aerobic stability as described previously by Jatkauskas et al. (2013) .
Statistical analysis. Silage composition data were subjected to one-way analysis of variance for a 9 (additive) factorial arrangement of treatments within a randomized complete block design by using Proc GLM of SAS, version 8.02 (Statistical Analysis System, 2000) . Aerobic stability value for each crop type was analyzed separately by one-way analysis of variance in a randomized complete block design and where temperatures were treated as repeated measurements. Significance of the differences between the means was determined according to the least significant difference (LSD) at 0.05 probability level.
Results and discussion
Chemical composition of herbage at harvest. Differences in fermentability between grasses and legumes have been attributed to the major differences in their chemical composition, and particularly the buffering capacity (Playne, McDonald, 1996) . Quantitatively, the amount of acid required to drop the original pH = 6 to a stable pH = 4 is dependent on the silages dry matter content, water soluble carbohydrates content and crude protein content. Further, forages with high dry matter content are fermented at a slower rate than forages with low dry matter because of low water activity (Rizk et al., 2005) . With reference to the chemical composition, water soluble carbohydrates, crude protein content and buffering capacity values in our experiment we observed a differences between ensiled materials (Table 2) . Based on the water soluble carbohydrates and crude protein content of the herbages prior to ensiling, the alfalfa forage was considered as difficult to ensile (water soluble carbohydrates concentration 15 g kg -1 fresh forage) according to the European Food Safety Authority (EFSA) opinion on silage additives guidelines (Commission Regulation (EC) No. 429/2008), while perennial ryegrass and red clover/ryegrass/timothy forages were considered to be moderately easy to ensile (water soluble carbohydrates concentration 41 and 31 g kg -1 fresh forage, respectively). The buffering capacity was considered to be typical of alfalfa, perennial ryegrass and red clover/ ryegrass/timothy herbages and ranged between 45.16 and 27.83 mEq 100 g -1 DM. Moreover, high buffering capacity and crude protein, in combination with low water soluble carbohydrates concentration of the alfalfa meant that the ensiling properties for the alfalfa were not ideal as suggested also by Muck (2012) . Silage characteristics; nutritional composition of silages. Some significant differences in dry matter content, crude protein, neutral detergent fiber (NDF) and water soluble carbohydrates concentrations were observed among the silages tested. The dry matter (corrected for volatiles) concentrations were higher (P < 0.05) for the Feedtech inoculants (F10, F3000, F18 and F22) treated alfalfa silages and for the inoculated all perennial ryegrass silages compared with the control silages. LD treated red clover/ryegrass/timothy silages had the lowest (P < 0.05) dry matter (corrected for volatiles) content compared to the control and other inoculated silages. Crude protein was affected by inoculation in alfalfa but not in perennial ryegrass or red clover/ryegrass/timothy silages. Only the alfalfa silage treated with inoculant products had a crude protein value statistically different from the control. Additive treated (except LD) silages had higher water soluble carbohydrates concentrations than control silages. Among the inoculated silages the water soluble carbohydrates remaining after fermentation were highest (P < 0.05) in the F22 treated alfalfa silage, in the F18 treated perennial ryegrass silage and in the F3000 treated red clover/ryegrass/timothy silage. The water soluble carbohydrates remaining after fermentation were lowest (P < 0.05) in alfalfa, perennial ryegrass and red clover/ryegrass/timothy silages treated with product LD (Table 3 ).
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The effect of different types of inoculants on the characteristics of alfalfa, ryegrass and red clover/ryegrass/timothy silage Silage fermentation characteristics. The use of the inoculant additives accelerated the fermentation in alfalfa, perennial ryegrass and red clover/ryegrass/ timothy silages compared to the silages without additives. Spontaneous fermentation in the control alfalfa, perennial ryegrass and red clover/ryegrass/timothy silages produced lower concentrations of fermentation acids; however, used more sugars available in the herbages with lower pH drop. Higher values of pH 3 days after ensiling in the untreated silages compared to those of the inoculanttreated silages indicate that fermentation was initiated less effectively by epiphytic microflora. The slower decline in pH 3 days after ensiling of spontaneously fermented silage compared to inoculated silage probably reflected the low epiphytic lactic acid bacteria counts and their less efficient lactic acid production compared to a commercial strain as suggested by Davies et al. (2005) . Data of the pH value 90 days after ensiling together with the changes in the silage water soluble carbohydrates, lactic acid, acetic acid, butyric acid and proportion of ammonia-N and alcohols 90 days after ensiling show that there were clear differences between the additive treatments and ensiled forages (Tables 4-6). By using inoculants, products of fermentation are shifted in alfalfa, perennial ryegrass and red clover/ryegrass/timothy silages, resulting in significantly higher lactic acid concentration and acetic acid concentration and significantly lower butyric acid, alcohols and ammoniacal nitrogen fraction. This indicates that the addition of inoculants allowed a more rapid production of lactic acid which suppresses the buffering effect of legumes and grasses as suggested by Adesogan and Salawu (2004) . The largest reduction in pH 90 days after ensiling in alfalfa, perennial ryegrass and red clover/ ryegrass/timothy silages was produced by F10, F3000, F18 and F22 products, whereas LD and IBO inoculants produced the smallest reduction in pH in alfalfa silages (Table 4) , LD, IBO and BS -in perennial ryegrass silages (Table 5 ) and LD -in red clover/ryegrass/timothy silages (Table 6) . 18.37 1, 4, 6 27.50 1, 2, 3, 5, 6, 7, 8, 9 22.62 1, 4, 5, 6, 8, 9 8.57 2, 3, 4, 5, 7, 8, 9 14.69 2, 3, 4, 5, 6, 7, 8, 9, factor No. 2 -different (P < 0.05) from factor No. 1, 3, 4, 5, 6, 7, 8, 9, etc. ISSN 1392-3196
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In alfalfa, perennial ryegrass and red clover/ ryegrass/timothy silages the inoculated treatments produced larger (P < 0.05) lactate concentrations than the uninoculated treatment. Perennial ryegrass inoculated with F18 and F22 had greater lactate concentrations than other inoculated silages (Table 5) . Perennial ryegrass silages inoculated with LD, F22 and IBO had higher (P < 0.05) acetate concentrations than the control silages. 3, 4, 5, 7, 9 6.02 2, 3, 4, 5, 6, 7, 8, 9 25.63 2, 3, 4, 5, 6, 7, 8, 9 18.40 2, 3, 4, 5, 6, 7, 8, 9 5.30 2, 3, 4, 5, 6, 7, 8, 9 7.79 2, 3, 4, 5, 6, 7, 8, 9 96.07 2, 3, 4, 5, 6, 7, 8, 9 84.48 2, 3, 4, 5, 6, 7, 8, 9 F10 / 3 5.29 1, 2, 4, 6, 8, 9 4.94 1, 4, 6, 7 Note. Explanations under Table 3 ; DM loss* -dry matter loss corrected for volatiles.
Red clover/ryegrass/timothy silages inoculated with LD had lower lactate concentrations (P < 0.05) compared with silages inoculated with products F10, F3000, F18 and F22 treated silages, but produced more (P < 0.05) acetate than control silage and other inoculated silages (Table 6 ). Red clover/ryegrass/timothy silages inoculated with LD produced more (P < 0.05) acetate than control silage and other inoculated silages. Lower pH and higher lactate content in silage fermentation with homofermentative lactic acid bacteria (F10, F3000, F18 and F22) are consistent with summaries of studies by Kung et al. (2003) when such inoculants were successful. Heterofermentative lactic acid bacteria are less efficient 2, 3, 4, 5, 6, 7, 8, 9 4.46 2, 3, 4, 5, 6, 7, 8, 9 38.68 2, 3, 4, 5, 6, 7, 8, 9 25.03 6, 7, 8 2.58 2, 3, 4, 5, 7 6.10 2,3,4,5,7
32.85 2, 3, 4, 5, 7, 9 56.18 2, 3, 4, 5, 6, 7, 8, 9 F10 / 3 4.31 1, 6, 7 4.04 1, 6, 8, 9 64.95 1, 5, 7 29.10 0.54 1 3.29 1, 6, 8, 9 18.62 1, 6, 8 29.44 1 F18 / 5 3.76 1, 6, 8, 9 4.01 1, 6, 8, 9 87.63 1, 2, 3, 4, 6, 8 32.87 0.28 1 3.76 1, 6, 8, 9 20.72 1, 6, 8 24.79 1, 6 F22 / 7 3.87 1, 6, 8, 9 4.00 1, 6, 8, 9 97.84 1, 2, 3, 4, 6, 8, 9 33.84 1 0.85 1 3.87 1, 6, 8, 9 18.27 1, 6, 8 22.67 1, 6 F3000 / 4 4.25 1, 2, 6, 8, 9 4.04 1, 6, 8, 9 72.73 1, 5, 7 27.69 6 0.70 1 3.25 1, 6, 8, 9 22.48 1, 6 32.51 1 ISA / 2 4.40 1, 4, 5, 7 4.05 1, 6, 8, 9 64.04 1, 5, 7 30.11 0.09 3.02 1, 6, 8, 9 19.45 1, 6, 8 38.87 1 LD / 6 6.35 2, 3, 4, 5, 7 4.26 1, 2, 3, 4, 5, 7, 8, 9 64.30 1, 5, 7 36.72 1,4
1.22 6.35 2, 3, 4, 5, 7 30.56 12, 3, 4, 5, 7, 9 44.07 1, 5, 7 IBO / 8 5.50 2, 3, 4, 5, 7 4.20 1, 2, 3, 4, 5, 6, 7 64.67 in producing lactic acid than homofermentative lactic acid bacteria usually resulting in more acetic acid, higher pH, higher ethanol and higher dry matter losses (Filya et al., 2007) . Red clover/ryegrass/timothy silages inoculated with LD produced more (P < 0.05) acetate than control silage and other inoculated silages. The high ethanol concentration of the control silage probably also resulted from a clostridial fermentation, as suggested by Muck (2012) . In alfalfa silage, ammonia-N fraction was lower for inoculant treated silages compared to the control silage. LD and IBO silages had similar ammoniacial nitrogen fraction concentration compared to the control silage,
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The effect of different types of inoculants on the characteristics of alfalfa, ryegrass and red clover/ryegrass/timothy silage when inoculants F10, F3000, F18, F22 and ISA silages had lower (P < 0.05) ammoniacial nitrogen fraction than the control silage. Red clover/ryegrass/timothy silages inoculated with LD had similar ammonia-N fraction to the control silage, while inoculants F10, F3000, F18, F22 and ISA silages had lower (P < 0.05) ammonia-N fraction than the control silage. In alfalfa silages dry matter loss values were lower (P < 0.05) for all inoculant treatments and no significant differences were between the inoculant treatments. In perennial ryegrass and red clover/ryegrass/ timothy the lowest dry matter loss was achieved in silages treated with F10, F18 and F22 and the highest dry matter loss were obtained in silages treated with LD L. buchnery is a slow-growing bacterial species; the pH might drop slowly, allowing enterobacteria more time for protein breakdown, resulting in higher ammonia-N levels and dry matter losses (Schmidt et al., 2009) . Aerobic stabilityof silages. The data presented in this paper show that all eight products used for inoculation increased the aerobic stability of alfalfa, perennial ryegrass and red clover/ryegrass/timothy silages compared with the control silage (Fig.) . Every inoculant improved aerobic stability significantly (P < 0.05) when compared individually to the uninoculated control. The aerobic stability of inoculated alfalfa silages was improved: by 60 h for ISA, by 84 h for F10, by 114 h for F3000 and F18, by 150 h for LD, by 174 h, for IBO and by 132 h for BS compared to the control silage. Aerobic stability of alfalfa silage treated with product F22 was improved dramatically. The aerobic stability of inoculated perennial ryegrass silages was improved: by 18 h for ISA, by 66 h for F10 and F3000, by 48 h for F18, by 162 h for F22, by 96 h for IBO and by 126 h for BS compared to control silage. Aerobic stability of the perennial ryegrass silage treated with product LD was improved dramatically. The aerobic stability of inoculated red clover/ryegrass/ timothy silages was improved: by 24 h for ISA, by 72 h for F10, by 60 h for F3000, by 90 h for F18, by 138 h for LD, by 132 h for F22, by 84 h for IBO and 102 h for BS compared to the control silage.
Note. Aerobic stability was considered compromised with silage temperature increased 3ºC above ambient temperature; F -Feedtech, ISA -Sil-All 4 × 4, LD -Lalsil Dry, IBOBonsilage, BS -Bio-sil Stabil.
Figure.
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